Objective: The aim was to assess diagnostic accuracy of 15 shoulder special tests for rotator cuff tears. Design: From February 2011 to December 2012, 208 participants with shoulder pain were recruited in a cohort study. Results: Among tests for supraspinatus tears, Jobe test had a sensitivity of 88% (95% confidence interval [CI], 80%-96%), specificity of 62% (95% CI, 53%-71%), and likelihood ratio of 2.30 (95% CI, 1.79-2.95). The full can test had a sensitivity of 70% (95% CI, 59%-82%) and a specificity of 81% (95% CI, 74%-88%). Among tests for infraspinatus tears, external rotation lag signs at 0 degrees had a specificity of 98% (95% CI, 96%-100%) and a likelihood ratio of 6.06 (95% CI, 1.30-28.33), and the Hornblower sign had a specificity of 96% (95% CI, 93%-100%) and likelihood ratio of 4.81 (95% CI, 1.60-14.49). Conclusions: Jobe test and full can test had high sensitivity and specificity for supraspinatus tears, and Hornblower sign performed well for infraspinatus tears. In general, special tests described for subscapularis tears have high specificity but low sensitivity. These data can be used in clinical practice to diagnose rotator cuff tears and may reduce the reliance on expensive imaging.
S
houlder pain is a common musculoskeletal complaint. [1] [2] [3] Among patients with shoulder pain, rotator cuff tear is one of the most common cause for their symptoms. 4, 5 Despite the wide prevalence of rotator cuff tears in patients with shoulder pain, their diagnosis based on clinical examination remains challenging, and clinicians resort to expensive magnetic resonance imaging (MRI) to make a diagnosis. Several physical examination maneuvers including "special tests" are described to assist in the diagnosis of a rotator cuff tear. 6, 7 However, data on the sensitivity and specificity of special tests are sparse and conflicting, providing little guidance to the clinician in the diagnosis of this common musculoskeletal disorder. This issue is highlighted in several recent expert reviews. [8] [9] [10] Thus, there is need for studies assessing diagnostic accuracy of special tests for rotator cuff tears to guide the clinician during their physical examination. Data on special tests may assist the clinician in deciding the tests that they can rely on and make informed decisions about the certainty of their clinical diagnosis.
This study assessed the sensitivity, specificity, and likelihood ratio of 15 shoulder special tests that are described for the rotator cuff and biceps tendon. The study also presents an update of the systematic review performed by Hegedus et al. 11, 12 on the diagnostic accuracy of special tests for rotator cuff tears. The systematic review was performed to provide a synthesis of existing data on this topic and to compare to results of this study.
MATERIALS AND METHODS

Patient Population
After approval from institutional review boards and written informed consent from each patient was obtained, patients presenting to sports medicine/shoulder clinics were recruited in an ongoing longitudinal cohort study termed ROW (Rotator Cuff Outcomes Workgroup). This prospective study was designed to include patients older than 45 years with shoulder pain for at least 4 weeks. The remaining inclusion and exclusion criteria are presented in Figure 1 . Between February 2011 and December 2012, 208 participants with shoulder pain were recruited. Each patient underwent a standardized physical examination protocol including special tests (described in the following section). Twelve patients had missing data on special tests because of time constraints in the clinic to complete the research protocol, and 9 patients had clinical assessment notable for a rotator cuff tear but did not have an MRI scan (Fig. 2) . These patients were excluded from the analysis. This study complies with the Standards for Reporting of Diagnostic Accuracy (STARD) guidelines (Appendix B; http://links.lww.com/PHM/A296).
Physical Examination Protocol
Patients underwent a standardized physical examination including special tests by a physician (shoulder/sports medicine fellow or orthopedic resident) or an orthopedic physician assistant. Special tests performed included lift-off test, passive lift-off test, belly-press test, belly-off sign, bear hug, external rotation lag sign at 0 degrees, external rotation lag sign at 90 degrees, Hornblower sign, full can test, drop-arm test, Jobe test, Neer sign, Hawkins sign, bicipital groove tenderness, and Speed test. The tests were not always performed in the same order. The clinicians were not blinded to the patient's clinical history. Prior to June 2012, each of the clinicians performing these tests was trained by the attending physicians (LDH or JJPW) by demonstration of each one of the test maneuvers as part of the research protocol. Starting in June 2012, this training was further standardized by requiring the clinicians performing the tests to view a video that demonstrated all of the special tests. This video was specifically prepared for this study, and one of the investigators with more than 15 years of experience in clinical sports/shoulder medicine (LDH) demonstrated all of the maneuvers based on their original descriptions (except for the drop-arm test where the description by Woodward and Best 13 was used because no original article could be traced to this test). Prior to production of this video, a handout was prepared that included descriptions of each one of the special tests under the subheadings "Reference" (citation of the original article that described the test), "Study Procedure" (description of the test maneuver as per the original article), "Interpretation" (when to report the test as positive or negative as per the original article), and " Figure" (when available from the original article or another reference). This FIGURE 2. Schematic of patient population. *Determined by a clinical degree of certainty that patient's symptoms were attributable to a rotator cuff tear of 50 or greater on a 0-to 100-point scale. **If patients were clinically determined to not have a rotator cuff tear (degree of certainty <50), they were given a diagnosis of no rotator cuff tear irrespective of imaging findings.
handout was reviewed by 2 shoulder experts with more than 15 years of experience (LDH and JJPW) for accuracy prior to commencement of the study. A reference sheet with abbreviated descriptions of the special tests was also available to the clinicians performing these tests. The standardized physical examination protocol and description of special tests have been previously described, 6 and good interrater and intrarater reliability has been reported for performance of many of these tests. [14] [15] [16] [17] Interrater or intrarater reliability among clinicians in this study was not performed because of existing data on this issue.
Diagnostic Imaging
Shoulder MRI images were read by 2 shoulder experts by consensus (NBJ, a recent fellowship graduate, and LDH, a shoulder surgeon with more than 15 years of experience) using a standardized MRI reading form at least 2 months after the clinical encounter. The MRI reviewers were blinded to clinical findings when assessing the images. Substantial intrarater and interrater reliability of MRI assessments when compared with a musculoskeletal radiologist with point estimates for κ ranging from 0.75 to 0.90 for tear presence, tear size, and tear thickness has been shown. 18 Some of the features assessed during blinded MRI review included the presence of a full-thickness tear and partial-thickness tear. Other characteristics reviewed included the presence of biceps tendon pathology (tenosynovitis, tendinosis/tendonitis, and subluxation or dislocation from the bicipital groove), labral tear, and acromioclavicular joint arthrosis. X-rays were also reviewed in a blinded manner for the presence of glenohumeral joint and acromioclavicular joint arthrosis.
Diagnosis of Rotator Cuff Tear (Reference Standard)
Rotator cuff tears are documented on imaging in asymptomatic individuals. [19] [20] [21] [22] Therefore, a case definition based solely on structure is not clinically relevant. In this study, a fellowship-trained shoulder or sports medicine attending physician performed an independent clinical assessment (history and physical examination). Based on his/her clinical assessment, the attending physician rated the degree of certainty that the patient's symptoms were attributable to a rotator cuff tear on a scale ranging from 0 (certainly not a tear) to 100 (certainly a tear). If the degree of certainty was marked as 50 or greater and the blinded MRI review (as described above) determined that there was structural evidence for a rotator cuff tear, the patient was considered to have a diagnosis of rotator cuff tear. Thus, this methodology used both an expert clinician's impression and imaging for diagnosing rotator cuff tears. 9 The diagnosis of biceps tendon pathology was also based on the physician indicating that the patient had clinical signs and symptoms corresponding to biceps disease (a "yes/no" question) and the presence of biceps tendon pathology on blinded MRI review.
Statistical Analysis
Test performance characteristics (sensitivity, specificity, and likelihood ratios) with 95% confidence intervals (CIs) were calculated. Confidence intervals were calculated using a normal approximation for sensitivity and specificity and methodology described by Koopman 23 for likelihood ratios. Because of the multiple rotator cuff tests that were assessed in this study, a single flow diagram of test results as suggested in STARD guidelines was not possible. Instead, these results are presented in Table 2 . As recommended in recent literature, 24 the number of patients in whom special tests had valid inconclusive results is also presented. Inconclusive results were obtained because these patients were in too much pain at baseline to interpret the test result as positive or negative. "Test yield" calculated as the percentage of test results included in the calculation of diagnostic accuracy parameters after exclusion of patients with inconclusive results, 25 Test yield ¼ Total no: of patients À patients with inconclusive tests Total no: of patients Â 100 , is also presented. The test yield calculation does not account for patients who had missing data. The higher the test yield, the fewer the patients who were excluded because of inconclusive testing results when calculating the summary statistic.
Systematic Review of Literature
The literature review in this study is an update of the comprehensive review and meta-analysis published by Hegedus et al. 11, 12 The authors reviewed literature on special tests for the shoulder until February 2012 and utilized the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies) tool to assess study quality. The term rotator cuff disorder/syndrome can be used to describe rotator cuff tear or less specific shoulder disorders such as subacromial/subdeltoid bursitis, impingement syndrome, or rotator cuff tendinosis/tendonitis. Because this study focuses on rotator cuff tears that can be more discretely diagnosed using imaging and physical examination, studies from the reviews by Hegedus et al., 11, 12 which specifically assessed rotator cuff tear, were extracted. In addition, we also performed a literature search using the MEDLINE, EMBASE, and CINAHL databases for articles published after February 2012 and until March 2014 on sensitivity, specificity, and accuracy of special tests for rotator cuff tear. This search yielded 3 additional published studies [26] [27] [28] on this topic since the timeframe covered by Hegedus and colleagues' articles. A study by Faruqui et al. 29 was excluded because it reported on sensitivity of belly-press, lift-off, and bear-hug tests combined (and not as individual tests). In addition to the diagnostic accuracy characteristics reported by the authors in their respective articles, when possible, additional diagnostic accuracy parameters (sensitivity, specificity, likelihood ratios, and predictive values) not reported in the original article were calculated. Likelihood ratios assuming the prevalence of rotator cuff tear in patients with shoulder pain to be 15% and 50%, to represent primary care settings and specialty settings, respectively, were calculated.
RESULTS
The mean age of participants in this study with a rotator cuff tear was 62.8 (SD, 9.6) years as compared with 60 (SD, 9.1)years for those without a rotator cuff tear (Table 1) . No major adverse events were recorded during performance of special tests.
The Jobe test had a sensitivity of 88% (95% CI, 80%-96%), specificity of 62% (95% CI, 53%-71%), and likelihood ratio of 2.30 (95% CI, 1.79-2.95) (Tables 2 and 3) . The drop-arm test had a specificity of 96% (95% CI, 93%-100%), sensitivity of 24% (95% CI, 14%-34%), and likelihood ratio of 6.45 (95% CI, 2.25-18.47). Diagnostic accuracy values for other tests are provided in Tables 2 and 3 . When stratified by tear size, the drop-arm test had a sensitivity of 21% (95% CI, 7%-35%), a specificity of 96% (95% CI, 93%-100%), and a likelihood ratio of 5.73 (95% CI, 1.79-18.36) (Table 3A of Appendix B) for diagnosing larger supraspinatus tears of 2 cm or more. The Jobe test, full can test, Neer sign, and Hawkins sign also had similar diagnostic accuracy in detecting larger supraspinatus tears of 2 cm or more as compared with the overall population of patients with supraspinatus tears. Number of patients missing values: lift-off test = 22; passive lift off = 24; belly-press test = 9; belly-off sign = 15; bear hug = 11;external rotation lag sign at 0 degrees = 4; external rotation lag sign at 90 degrees = 11; Hornblower sign = 9; full can test = 10; drop-arm test = 12; Jobe test = 5; Neer sign = 7; Hawkins sign = 8; bicipital groove; tenderness = 1, and; Speed test = 12.
The external rotation lag signs at 0 degrees had a specificity of 98% (95% CI, 96%-100%) with a likelihood ratio of 6 (Table 3A of Appendix B).
The systematic review of literature showed a wide variation in sensitivity and specificity of special tests (Table 4 and Appendix B, Table 4A ). The sensitivity of Jobe test to detect supraspinatus tears ranged from 19% to 99%, and specificity ranged from 39% to 100% when increased pain or weakness was considered as a positive test. The lift-off test had a sensitivity ranging from 6% to 79% and specificity ranging from 23% to 100% for detection of subscapularis tears.
DISCUSSION
Special tests are extensively described in the literature, [6] [7] [8] but data on diagnostic accuracy of special tests is sparse and inconclusive, thereby leading to heavy reliance on expensive shoulder imaging to aid in the diagnosis. [8] [9] [10] Prior studies have provided data on individual or only few of the special tests described for the rotator cuff. 26, 27, [30] [31] [32] [33] [34] [35] This issue was addressed in the current study by assessing 15 tests commonly used for the diagnosis of rotator cuff tear and biceps pathology. Prior studies also had limitations such as recruitment from single sites/providers or data obtained by retrospective chart review. 27, 28, 30, [32] [33] [34] [35] [36] This study recruited from multiple sites and providers prospectively. Prior studies have also used either imaging or surgical findings as reference standard for their case definition of a rotator cuff tear. [26] [27] [28] [30] [31] [32] [33] [34] [35] [36] Although MRI/ magnetic resonance angiography have high sensitivity and specificity for the diagnosis of rotator cuff tear, [37] [38] [39] [40] [41] it is well documented that rotator cuff tears are present even in asymptomatic individuals. [19] [20] [21] [22] Thus, imaging findings alone are not sufficient to constitute the diagnosis of a clinically symptomatic rotator cuff tear and an expert clinician's impression that the symptoms of a patient with shoulder pain are attributable to a rotator cuff tear forms an essential component in the diagnosis of this clinical syndrome. 9 This issue was addressed in this study by using strict imaging and clinical criteria for the diagnosis of rotator cuff tear.
Prior studies have reported a sensitivity of 19% to 94%, specificity of 39% to 100%, and likelihood ratio of 0.6 to 2.7 for Jobe test. Data from this study show high sensitivity and specificity for the Jobe test. The variation in results of prior studies is possibly explained by difference in patient populations, heterogeneity in the criterion standard used for diagnosis of cuff tear, and recruitment of only patients undergoing surgery. As compared with the Jobe test, the full can test had a higher likelihood ratio, which represents a greater likelihood that the test would be positive in a patient with rotator cuff tear as opposed to one without a tear. 42 Likelihood ratios are described in the literature as one of the most useful measures of diagnostic accuracy because they can be used to calculate posttest probability based on prevalence of disease using a normogram. 43 However, likelihood ratios in this study should be interpreted with caution in tests such as the drop arm that have high specificity and low sensitivity (resulting in a high likelihood ratio). Data in this study show that if the drop-arm test is positive, one can almost be certain that the patient has a supraspinatus tear, but a negative test does not provide conclusive information to the examiner. The drop-arm test also cannot be used as a screening test because of its low sensitivity. This paradigm also applies to the lag signs for infraspinatus tears. Data from this study show near-perfect specificity and a low sensitivity for lag signs. Prior studies are in agreement with these findings of high specificity (89%-98%) but have reported a wide range of sensitivity (35%-100%) because of variability in the patient populations and reference standards used in these studies. 34, 36, 41, 44, 45 Again, the variation in results in prior studies is likely due to patient population used and relatively smaller sample sizes. For subscapularis tears, the liftoff test has the most available data from prior studies with sensitivity ranging from 6% to 79% and specificity ranging from 23% to 100%. [26] [27] [28] [32] [33] [34] This study found a high specificity and low sensitivity for the lift-off test. Tests with a high specificity and low sensitivity indicate that the patient is very likely to have a rotator cuff tear if the test is positive, whereas because of the low sensitivity of such tests, their utility is limited when the test is negative.
The inclusion of patients from specialty clinics in this study may have increased the disease (rotator cuff tear) prevalence limiting the generalizability of results to primary care settings. This study design was deliberately chosen a priori to allow for a strong basis (the clinical impression of a subspecialtytrained shoulder expert) for the clinical diagnosis of rotator cuff tear. Other limitations of this study include the relatively fewer patients with subscapularis tears in the cohort and possible variability in performance of special tests among different examiners. However, good interrater and intrarater reliability has been reported for performance of most special tests, [14] [15] [16] [17] and extensive standardization of special test performance was done in this study. The fewer patients with subscapularis tears in the cohort also represent the usual patient population with cuff tears where supraspinatus is the most commonly torn tendon. 46 In summary, this study presents data on 15 commonly performed special tests for the rotator cuff and biceps tendon. This study provides evidence for high sensitivity and specificity of the Jobe tear and full can test for supraspinatus tears. The lag signs and the Hornblower sign for infraspinatus tears had high specificity but low sensitivity, thus useful if the test is positive, which indicates a high likelihood of rotator cuff tear. In general, special tests described for subscapularis tears have high specificity but low sensitivity. The belly-press test and bearhug test had the highest sensitivities of all tests assessed for subscapularis tears. These data can be used in clinical practice to diagnose rotator cuff tears and proximal biceps tendon pathology and may reduce the reliance on expensive imaging for these purposes.
